Thermal comfort of residential buildings has become an important factor for the performance and functional application of materials in constructive systems. In this scenario, it also takes some concepts related to sustainability, such as the recycling of industrial wastes. Many of these materials, such as rice husk ash (RHA), become interesting mineral alternatives for production of structural and/or sealing ceramics blocks with insulating properties. In this paper, ceramic samples of formulated compositions constituted of natural raw materials (clays) and rice husk ash (8 to 20 wt%) as an alternative mineral source, were appropriated prepared, extruded and then, after drying process at 110 °C, fired at 965 °C for 2 h. The results showed the feasibility of adding rice husk ash in the production of ceramic blocks with porosities in the 16 to 32% range, resulting in a considerable reduction of their thermal conductivities (up to 27%).
INTRODUCTION
Rice is the cereal most produced over the world. In Brazil, according to data from the National Supply Company, the production of paddy rice for the harvest in 2013/2014 was estimated in 12.2 million tons [1] . In fact, Brazil's agricultural production is very strong and, as a result of this activity, large quantities of agricultural and agro-industrial wastes are produced. About 23 wt% of the rice grain is composed by husk [2] , which is separated in the processing of rice. Traditionally, rice husk (RH) has been considered a waste material and generally disposed by dumping or burning [3] , since it is a low-density material with high calorific power (~16 MJ/kg), and is therefore widely used as a fuel for drying and for parboiling of the cereal itself [4, 5] . However, the heat recovery process from RH generates a new waste, the rice husk ash (RHA). Around 3.5 wt% of the total estimated production of rice correspond to the ash. The RHA in turn contains around 85% to 90% amorphous silica [6] , which is an important raw material used in the ceramic industry and an interesting mineral alternative for production of structural and/or sealing ceramics blocks with insulating properties.
Considering the evolution of the environmental laws related to the activities of mining and production of building materials, the use of alternative raw materials has become an important sustainable choice for reducing consumption of natural resources. Recent researches report the use of RHA in many applications, like partial replacement for cement in concrete [7] [8] [9] , in whiteware compositions [10, 11] , as quartz substitute for the production of ceramic glaze [12] , and glass-ceramic tiles [13] . The objective of this paper was to valorize the rice husk ash for the production of ceramic materials with better thermal insulation properties.
EXPERIMENTAL
In this work, rice husk ash (RHA) and two natural raw materials, named yellow clay and red clay, were used for the preparation of the formulated ceramic materials. A commercial formulation containing chamotte (fired ceramics from broken products) was also used as reference (Table I) . To investigate the crystalline nature of used raw materials, powdered samples were analyzed with a Philips PW 3710 X-ray (CuKα) diffractometer (XRD). The volatile percentage of the RHA was determined by simultaneous thermogravimetric and differential thermal analysis (TGA/DTA, TA Instruments, SDT Q600) at a heating rate of 10 °C/min and oxidizing atmosphere.
After drying (110 °C/24 h), compositions were crushed (Servitech, CT-058) and milled for 30 min in a fast mill (Servitech, CT-242) constituted by a porcelain jar containing alumina balls, RHA and water (28%), so that powders with particle sizes lower than 44 mm were obtained. The moist powders were extruded (Netzsch extruder MA 01), obtaining cylindrical samples with nominal dimensions of 160 mm (length) and 12 mm (diameter). The produced ceramic bodies were naturally dried at room temperature for 5 days and then dried at 110 °C in a laboratory dryer up to constant weight. After drying, the powder compacts were fired in a muffle kiln at 965 °C for 2 h, with heating rate of 10 °C/min. This firing temperature was chosen since it is typically used in industrial production of this type of materials.
The fired samples were characterized by bending strength (σ f ) and water absorption (WA), according to the ISO 10545-3 standard [14] . The bending strength was performed in a test machine (Emic, DL 2000) according to ISO 10545-4 [15] , which consisted in a three-point test on six samples with dimensions of 100 mm x 50 mm x 10 mm at a stress rate of 1 MPa.s -1 . The true densities (ρ t ) of powdered samples were determined using a helium pycnometer (Micromeritics, AccuPyc 1340). The apparent densities (ρ a ) of fired samples were determined by relating their geometrical measurements, obtained using a caliper (Mitotoyo, accuracy ±0.01 mm), and their weights (balance Shimadzu AX200 with a precision of 0.001 g). From measurements of geometrical (ρ a ) and true (ρ t ) densities, the porosities (e) of the ceramics were calculated according to:
The thermal conductivity of the obtained materials was measured on samples with nominal dimensions of 80 mm in length and 24 mm in diameter in the range of 30 to 70 °C by using a Transmission de Chaleur ET100 -Deltalab. The equipment provided the heat transfer (Q) through the samples by:
where the ht is the heating time (s), ct is the cycle time (s), U is the voltage (V) and I the current (A). The thermal conductivity (k) was obtained using the Fourier law, according to:
where t is the thickness of the sample, A is the area and ΔT is the differential temperature. The data obtained of each composition was expressed in percentage in relation to the reference material (k=0.92 W/mK). partially amorphous (elevation in the baseline in the 2θ range between 15 and 40º) and partially crystalline. The peaks at 22, 32 and 36º correspond to cristobalite, C: SiO 2 (JCPDS 89-3435). The firing temperature of the rice husk can promote changes on the structure of the RHA, in which, from 800 ºC, the previously amorphous material begins to form crystalline phases, as shown in Fig. 1 [13, 16, 17 ]. Fig. 2 shows the DTA/TGA curves of the RHA. Two thermal events were observed in the DTA/TGA curves. The first (E 1 ) is an endothermic event related to humidity evaporation with a weight loss of 4.6% up to 100 ºC. The second (E 2 ) is an exothermic event related to the RHA crystallization (mainly cristobalite, see Fig. 1 ), which begins at around 820 ºC and peaking at 1070 ºC. The TGA curve also showed that at 965 ºC (firing temperature of specimens) the weight loss reached 6.5%. Fig. 3 shows the results of porosity (ε), bending strength (σ f ) and water absorption (WA) for the different studied compositions. The addition of RHA increased the porosity, i.e. 16% (for composition RM and P0) to 32% (for composition P20). Comparing compositions RM and P0, it was observed that the use of chamotte (RM) did not cause large change in porosity; however, the bending strength was considerably lower (~23 MPa) compared to composition P0 (~35 MPa). The RHA addition promoted an increase in porosity and, consequently, an increase in water absorption, resulting in lightweight ceramic bodies with values of bending strength similar to that of the RM.
RESULTS AND DISCUSSION
The "pore" phase plays a key role in improving the material insulating characteristic by air trapping, whose thermal conductivity is very low (k ar =0.026 W/mK). Thus, as can be seen in the Fig. 4 , the incremental additions of RHA promoted a formation of pores by the evaporation of the volatile portion (mainly residual carbon) [18, 19] and, consequently, a reduction in thermal conductivity. The thermal conductivity (k) depends on the intrinsic properties of the related materials and/or of the constitutive phases of the materials. The amorphous phase, introduced by RHA, also justifies the reduction in thermal conductivity observed in the studied compositions [17] . It was observed that the relative thermal conductivity of all compositions increased with increasing temperature. Therefore, the improvement of the insulating properties of the studied compositions (except composition P8) is conditioned to temperatures up to 60 °C.
CONCLUSIONS
The results showed the feasibility of using RHA up to 12 wt%, with a low reduction (~10%) of the bending strength and a great reduction of the thermal conductivity (k), i.e., comparing P0 and P12, k decreased 20% at 30 ºC and 30% at 60 ºC.
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